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(57) ABSTRACT 

A transmission side of a communication apparatus of the 
present invention makes use of a clock signal synchronized 
with a network to transmit an arrival interval of a PGR 
packet in which a PCR value is included and a synchroni- 
zation residual. A reception side of the communication 
apparatus of the present invention calculates delay fluctua- 
tions caused by the network from the arrival interval and the 
synchronization residual included in the received PCR 
packet and modifies the PCR value based on the delay 
fluctuations. 
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COMMUNICATION APPARATUS WfflCH 
HANDLES A TIME STAMP 

BACKGROUND OF THE INVENTION 

This inveation relates to a communication apparatus 
suitable for use in a system which digitizes audio data and/or 
video data using an ATM communication technology or the 
like, encodes the digitized data in accordance with, for 
example, the MPEG system, converts the encoded data into 
packets of a transport stream of the MPEG system and 
transmits the paclixts through a predetermined network, 
requiring clock synchronization with the transmission side 
upon decoding in reception of the data packets. 

In an application which uses digital sound and/or an 
image, a decoder must perform decoding in synchronism 
with an information generation source such as, for example, 
output data of an encoder or stored or recorded data in 
encoded form. If the decoder can control the information 
generation source, then it is possible to adjust the rate of data 
to be transmitted. In this instance, the decoder should rely 
only upon the timing of received data to decode the data and 
perform display of an image or reproduction of sound. 

However, where the decoder does not have a controlling 
function for the information generation source, for example, 
when data are transmitted to the decoder through a network, 
since the information generation source and the decoder 
operate with system clock signals independent of each other, 
coding/transmission and reception/decoding/display and so 
forth are performed with the system clock signals of the 
information generation source and the decoder, respectively. 
If the system clock signals do not have a common clock 
signal to which they can refer to each other, then the system 
clock signals of the information generation source and the 
decoder exhibit a displacement in frequency. If the two clock 
signals are not in synchronism with each other, the infor- 
mation rates of data transmitted from the information gen- 
eration source and data decoded by the decoder become 
different from each other, and as a result, a reception buffer 
of the decoder overflows or underflows. Consequently, data 
are lost, and therefore, for example, in regard to an image, 
it becomes necessary to re-display a frame. 

One of methods for synchronizing the system clock signal 
of an information generation soim^e and the system clock 
signal of a decoder with each other employs information 
representative of a time, that is, a time stamp. 

In an MPEG transport stream, a PCR (Program Clock 
Reference) is used as a time stamp to establish synchronism. 
A concept of synchronization is illustrated in FIG. 1. 

A source clock of the information generation source has 
a counter which has a certain cycle, and a system clock 
signal operates the counter. The value of the counter is 
latched after each interval , of time, although such 

interval need not be a fixed interval, and the latched value is 
transmitted to the decoder. This value is so-called time 
stamp, and the decoder uses this value to synchronize the 
system clock signal of its own with the system clock signal 
of the information generation source. Particularly, the count 
value held by the decoder and the received time stamp are 
compared with each other, and then the reception side 
system clock signal is controlled to increase or decrease in 
rate to synchronize the decoder with the information gen- 
eration source based on a result of the comparison. 

A construction of a phase comparison circuit provided for 
such synchronization on the reception side is shown in FIG. 
2. Referring to FIG. 2, the phase comparison circuit is 
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generally denoted at 20, and a time stamp received is 
inputted to the phase comparison circuit 20, in which it is 
subtracted from a value of a counter 21 by a subtractor 22 
in order to compare it with the value of the counter 21. A 
5 difference obtained by the subtraction is inputted to a 
low-pass fiher (LPF) 23, and an output of the low-pass filter 
23 is converted from a digital signal into an analog signal by 
a digital-to-analog converter not shown and used to control 
a voltage controlled oscillator (VCO) 24. 
to An output of the VCO 24 is used as a system clock signal 
of the decoder, and the counter 21 is operated with the 
system clock signal, thereby forming a feedback loop. 

Such a synchronization method as described above is 
employed by the MPEG-2 system layer (ISO/IEC 13818-1) 
and the ITU-T recommendations. In the MPEG-2, a system 
clock of 27 MHz is used for an encoder and a decoder. A 
system construction of a network which transmits data 
formed in accordance with the MPEG-2 is shown in FIG. 3. 
Referring to FIG. 3, the information generation source is a 
coding apparatus such as an encoder 31. However, the 
information generation source may alternatively be a storage 
apparatus which has stored encoded data in advance and can 
output the stored data. 

Information generated by the encoder 31 is inputted to a 
system encoder 32. The system encoder 32 performs addi- 
tion of a time stamp to the information generated by the 
encoder 31, conversion of the resulting information into 
packets and multiplexing of them to generate transport 
stream packets. 

An MPEG-to-ATM conversion section 33 converts the 
transport stream into ATM cells and transmits the ATM cells 
to the reception side through a network 34. Upon the 
transmission to the reception side, the ATM cells are influ- 
25 cnced by various delay fluctuations in the network. Produc- 
tion of such delay fluctuations is hereinafter described in 
connection with ATM cells. 

A time stamp which contains such delay fluctuations is 
first converted into a system packet by an ATM-to-MPEG 
conversion section* 35 and then processed by a system 
decoder 36 so that a system clock signal of the decoder is 
reproduced from the time stamp. In the case of the MPEG, 
a system clock signal of 27 MHz is reproduced and inputted 
to the decoder. The data processed by the system decoder 36 
45 are decoded by a decoder 37. 

The MPEG-2 system layer involves two streams, called as 
program stream and transport stream. The program stream is 
expected to be used in a system which is free from an error, 
such as a storage medium while the transport stream is 
50 expected to be used with a system which involves some error 
such as communication. In the program stream, a time stamp 
is caUed as an SCR (system clodc reference) and is trans- 
mitted after an interval of at least 0,7 seconds or less. The 
SCR time stamp is included in a header of a program stream 
55 packet and is present only in packets which are iised to 
transmit the SCR. 

In a transport stream packet, a time stamp is called as a 
PCR (program clock reference) and is transmitted after an 
interval of at least 0. 1 second or less. The PCR time stamp 
60 is included in a header of a transport stream packet and is 
present only in packets which are used to transmit the PCR. 

Particularly, the PCR comprises 42 bits in total and 
includes two parts, of a program clock reference extension 
and of a program clock reference base. The former has 9 bits 
65 while the latter has 33 bits. The former counts from 0 to 299, 
and the latter is incremented by one with a carrier from the 
former. Where the system clock signal of 27 MHz in the 
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MPEG-2 is used, a time for 24 hours can be counled in units problem, the VOD standards 1.1 of the ATM Forum recom- 

of a 27 MHz clock by using the 42-bil counter. In other mend a method wherein a buffer is provided on the reception 

words, the PCR is considered to be a value (PCR value) of side so that a clock is reproduced by a PLL of a decoder 

a PCR counter which is counted with a system dock signal. while jitters are absorbed to some degree by the buffer This 

As reference documents relating to the present invention, 5 method is called adaptive clock method. In a system of this 

the following three documents are listed: typc shown in FIG. 4, some amount of data is stored into a 

[1] M, Perkins and P. Skelly, "A Hardware MPEG Clock reception side, and the output data rate from 

Recovery Experiment in the Presence of ATM Jitt6r'^ ATM ^controlled so that the data occupancy m the 

Forum contribution to the SAA sub-working group. FIFO 42 may be fixed. The output data rate is controlled by 

94^34 May 1994* feeding back the data occupancy m the FIFO 42 to a 

• ^ - r.u *j ^ . Variation of the data occupancy through a low-pass filter 43. 

J^^ ?; ^ir^'^T' o . c?'°° °^ A^^*"" f • J'"ers (hereinafter referred to as PCR jitters) generated on a 

Metliod to Varuble Bit Rate Streams • Am Fomm conta- p^R by the network 41 can be absorbed to some degree by 

buuon to the SAA sub-working group, 94^321. May 1994; i^^,^^ 43 However, although this sy^em is 

15 simple without involving control of synchronous data and so 

[3] 1SO/IEC13818-1 (MPEG-2 Systems), "GENERIC forth, it cannot remove jitters of the network completely. If 

CODING OF MOVING PICTURES AND ASSOCIATED it is intended to decode an MPEG stream including PCR 

AUDIO", Recommendation H.222.0, ISO/IEC JTaSC29/ jitters, the response of the PLL should be retarded. However, 

WGll N0721rev, June, 1994. this merely shapes jitter components in an analog fashion. 

The document [1] discloses trial production of hardware 20 and jitter components still remain as they are over a long 

for syndironization with a system clock signal of an infor- period of time. Actually, jitters of 1 ms to 2 ms can be 

mation generation source based on data obtained by simu- reduced only to approximately 3 Accordingly, when an 

lation of jitters generated on an ATM. The document is good MPEG stream including PCR jitters is decoded and recorded 

to be referred to learn how synchronism is established. in a VTR, or an image is observed on a monitor, the system 

The document [2] describes how to establish synchronism ^5 does not make a significant problem since the response of 

regarding a variable bit rate, but does not mention a delay PLL is retarded. However, if it is intended to 

flucmation reduction circuit of the present invention. re-distribute, in regional distribution or the like, a stream 

TTie document [3] is a draft complying to international emitted by an ATM network as it is as MPEG, then the 

standards regarding the MPEG-2 system. f!™ J'"^' ^^^^^ '^'^^^^ ^^^^ ^^^^ standards, and 

jjjj 30 Jitters on the network make a significant trouble. 

By the way, if time stamps added and transmitted by an , , , , , , 
information generation source such as an encoder side arrive , ^y^^^^ described above cannot satisfy 
at the decoder side with accurately equal intervals, then it is quahty of the studio standard levcUhat is, ±500 ns 
easy for the decoder side to establish synchronism with the ^^^^^ ^ ^ J^"^^ ^^^^^ permitted to the PCR value, 
system clock signal of the encoder by using the synchroni- . Further, a related art system presumes transmission of one 
zation method described above. However, this method program. In particular, since data to be transmitted are data 
assumes at all that the delay of the transmission line is fixed. encoded on the same time base, only one clock is required 
Acdially, the document [3] describes that a transmission line ^ establish synchronism. However, for a stream of multi- 
has a fixed delay. Accordingly, if a random delay, that is, programs in which data encoded with different time bases 
delay flMctuations, are added to a time stamp by the network ^ multiplexed, a number of PU^, and clocks for synchro- 
and so forth, but the value of the time stamp is not changed nization equal to the number of programs are required. Thus, 
to a suitable value taking such delay fluctuations into related art system has a problem that the structure of the 
consideration, this gives rise to the following problems. circuit is comphcated. 

In particular, the value of a time stamp inputted to a PLL SUMMARY OF THE INVENTION 
of the decoder side becomes a sum of a difference in clock 45 

frequency between the information generation source and It is thus an object of the present invention to provide a 

the decoder and delay fluctuations. It is difficult to construct communication apparatus which allows synchronization of 

a low-pass filter of the PLL, so that it may flatten delay multimedia information in such an environment that a 

fluctuations because the delay fluctuations are very great. In network generates delay fluctuations, 

order to reduce delay fluctuations, a considerably long time 50 In order to attain the object described above, according to 

is required for the PLL to establish synchronism or the the present invention, on the transmission side, when an 

circuit is complicated in construction. MPEG transport stream including a PCR is inputted, a 

Accordingly, a countermeasure which does not employ a difference between a count value of a network clock signal 

PLL on the decoder side, to ,absorb_delay fluctuations is indicating a time from a preceding PCR aijd a PCR yjaluc in^^. 

required! An exarnple of this problem is provided by a case ss the stream counted with the network clock signal is 

wherein a transport stream of the MPEG-2 is used on an calculated, and the count value and the resulting difference 

ATM (Asynchronous Transfer Mode) network. Due to delay are transmitted as a PCR arrival time interval and a syn- 

fluctuations which are caused when statistical multiplexing chronization residual time stamp (hereinafter referred to as 

which is a characteristic of the ATM is performed, or when synchronization data), respectively. On the other hand, on 

a cell queues up in a buffer when transmission in a same 50 the reception side, after a difference from the network clock 

direction from a plurality of nodes occurs on an ATM switch, signal is referred to based on the PCR arrival time interval 

an ATM cell suffers from random delay fluctuations. The and the synchronization data, calculation is performed to 

ATM network performs switching based only on a header correct the PCR value to remove PCR jitters therefrom, 

ignoring contents of a payload, so it does not rewrite a time More particularly, according to an aspect of the present 

stamp either. Accordingly, there is a problem that, even if an 65 invention, there is provided a communication apparatus, 

ATM cell is composed into an MPEG-2 system layer packet, comprising a detection for detecting a packet which includes 

delay fluctuations arc still transmitted. In order to solve this a time stamp, a counting means for producing a clock signal 
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synchronized with a clock signal common with that of the 
reception side aod counting the number of clocks of the 
clock signal, an extraction means for extracting the count 
value of the counting means when a packet in which a time 
stamp is included arrives, a calculation means for determin- 
ing an arrival interval between packets in which a time 
stamp is included and a synchronization residual making use 
of the count value extracted by the extraction means and the 
time stamp, and a transmission means for transmitting the 
packet arrival interval and the synchronization residual. 

According to another aspect of the present invention, 
there is provided a communication apparatus, comprising a 
reception means for receiving a packet, a time stamp means 
for detecting a packet which detects, firom among packets 
received by the reception means, those packets which 
include a time stamp in which information regarding a 
packet arrival interval and a synchronization residual is 
included, a detection means' Wdetecling* the packet arrival 
interval and the synchronization residual from the time 
stamp, a modification value calculation means for calculat- 
ing a modification value for the time stamp from the packet 
arrival interval and synchronization residual and a count 
value obtained by counting clocks of a clock signal syn- 
chronized with a clock signal common to that of the trans- 
mission side, and a modification means for modifying the 
time stamp included in the received packets based on the 
modification value. 

The above and other objects, features and advantages of 
the present invention will become apparent from the fol- 
lowing description and the appended claims, taken in con- 
junction with the accompanying drawings in which like 
parts or elements denoted by like reference symbols. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagrammatic view illustrating a concept of a 
related art synchronous transmission method in which a 
PGR is used; 

FIG. 2 is a block diagram of a related art phase compari- 
son circuit; >-.vv^^,,,,..- 

FIG. 3 is a block diagram showing a system construction 
a related art network; 

FIG. 4 is a diagrammatic view illustrating a principle of 
a related art adaptive clock method; 

FIG. 5 is a block diagram showing a communication 
apparatus of the transmission side to which the present 
invention is applied; 

FIG. 6 is a diagrammatic view illustrating a format of a 
transport stream used in the communication apparatus of 
FIG. 5; 

FIG. 7 is a block diagram showing a communication 
apparatus of the reception side to which the present inven- 
tion is applied; and 

FIG. 8 is a diagrammatic view illustraling'synchro'niza- 
lion information used in the communication apparatus of the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring to FIG. 5, there is shown a communication 
apparatus of a transmission side to which the present inven- 
tion is applied. Here, description is given to a case wherein 
an MPEG system packet is a transport stream packet and a 
commimication system is an ATM. 

In the present invention, a PLL on the reception side is 
constructed such that jitters are removed not in an analog 
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fashion but by modifying a time stamp vahie PCR by 
calculation. The communication apparatus of the present 
invention is characterized in that, also where a plurality of 
programs (8,192 programs at maximmn) are multiplexed in 

5 one tran^ort stream, a modification value can be calculated 
for each of PCRs in them to remove jitters. 

A transport stream packet MPEG-TS (hereinafter referred 
to as PCR packet) which has been generated by encoders not 
shown and multiplexed by a system encoder not shown, and 

10 wherein a program clock reference PCR which is a time 
stamp representative of time information of continuous time 
series data of images, sound and so forth is added for each 
prettetermined period of time (which need not necessarily be 
fixed) is inputted to a SYNC JYTE detection section 501 

15 of a transmission side communication apparatus 500 to 
which the present invention is applied. The SYNC_jBYTE 
detection section 501 detects a SYNC_BYTE included in a 
header of a transport stream packet MPEG-TS to efEect. 
packet synchronization. An output of the SYNCJYTE 

20 detection section 501 is supplied to a PCR packet detection 
section 502 and a synchronization information processing 
section 504. The ?CR packet detection section 502 detects 
based on the value of an adaptation_field_control itKluded 
in the header of the transport stream packet MPEG-TS 

25 whether or not the inputted transport stream packet MPEG- 
TS is a PCR packet, and when it detects the packet a PCR 
packet, it outputs a PCR packet detection signal Dp repre- 
senting this to a counter 503 and the synchronization infor- 
mation processing section 504. A construction of the trans- 

30 port stream packet MPEG-TS which includes the 
adaptation_^eld_oontrol is shown in FIG. 6. It is to be 
noted that the transport stream packet MPEG-TS shown in 
FIG, 6 is a PCR packet including a header, an adaptation 
field, synchronization information according to the present 

35 invention, and stuffing bytes. 

The counter 503 counts output clocks of a PLL 506 and 
then outputs, when it receives a PCR packet detection signal 
Dp from the PCR packet detection section 502, a count value 
NCOUNT to the synchronization information processing 

40 section 504. Operation of the PLL 506 is hereinafter*' 
described. 

When the synchronization information processing section 
504 receives a PCR packet detection signal Dp from the 
PCR packet detection section 502 and a count value 

45 NCOUNT inputted thereto from the counter 503, it performs 
calculation from a PCR (this is referred to as EPCR) 
included in a PCR packet, of synchronization information to 
be used by a communication apparatus 700 of the reception 
side for synchronization, that is, an arrival interval EPAT of 

50 PCRs and a synchronization residual (RTS) which corre- 
sponds to a difference between a count value NCOUNT of 
a network clock signal NCK and an original PCR value. 
More particularly, when an EPCRl which is the first EPCR 

. -is. delected by the PCR packet detection section 502, the • 

55 synchronization information processiiig section 504 detects 
an offset value OFFSETl based on a count value NCOUNTl 
supphed from the counter 503 and the EPCRl, and stores the 
EPCRl and the offset value OFFSETl into a memory 505. 
Then, when an EPCR2 which is the next EPCR is detected 

60 by the PCR packet detection section 502, the synchroniza- 
tion information processing section 504 calculates a syn- 
chronization residual RTSl based on a NC0UNT2 supplied 
thereto from the counter 503, the EPCR2, and the offset 
value OFFSETl stored in the memory 505. Then, a syn- 

65 chronization information insertion section 507 inserts, when 
a PCR packet is supplied thereto, the synchronization 
residual RTSl and the arrival interval EPATl regarding the 
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PGR packet as synchrooization information into the PGR from the counter 705, a value for modification on a PGR 

packet and outputs the resulting PGR packet to an MPEG- (this is hereinafter referred to as RPCR) included in the PGR 

to- ATM conversion section 508. It is to be noted that, if a packet. 

transport stream packet MPEG-TS other than a PGR packet More particularly, when a RPGRl which is the first RPCR 

is supplied, then the synchronization information insertion 5 is detected by the PGR packet detection section 704, the 

section 507 outputs the inputted transport stream packet PCR calculation section 706 calculates an ofEset value 

MPEG-TS as it is ROFFSETl from a count value RNGOUNTl supplied from 

TTie MPEG-to-Am conversion section 508 converts a ^f^S^l^!^ ^ 'c^^ .'1°'^'.^^ o^o""' 7"^^^ 

transport stream packet MPEG-'re into Am cells and ROFFSETl into a memory ^(^^F^rther, ^e PGR calcula- 

*_ * *u A-r*^ n * *, 1 -tAn in ^lon scction 706 stores the RPGRl as a MPGRl mto the 

outputs the ATM cells to a network 100. «, mi 

memory 707. 

Here, the MPEG-to-ATM conversion section 508 is con- Here, while the MPGRl is asssumed to be equal to the 

structed such that it not only transmits ATM cells to the fi^t EPGRl, alternatively the most likely value may be 

network 100, but also receives ATM cells successively estimated from N (any arbitrary numbers) EPGRs and 

transmitted thereto from the network 100, RPGRs received in a plurality of cycles at the very beginning 

Then, the MPEG-to-ATM conversion section 508 gener- and determined as MPGRl. 

ates a clock signal of 8 kHz synchronized with the network Further, the PGR calculation section 706 stores the arrival 

100 based on the received Am ceUs and outputs the clock interval EPAIl and the synchronization residual RTSl 

signal to the PLL 506. The PLL 506 includes'a voltage " included in the PGR packet into the memory 707. 

controlled oscillator (VGO) which outputs a clock signal of Then, the PGR calculation section 706 calculates, when a 

27 MHz, a frequency divider which divides the output of 27 RPCR2 which is the next RPCR is detected by the PGR 

MHz of the VGO to 1/3^75 and outputs another clock signal packet detection section 704, an RPGR2 from a count value 

of 8 kHz, and a phase comparator which compares the RNC0UNT2 supplied from the counter 705 and the ofiket 

phases of the output of the frequency divider and the clock value OFFSETl stored in the memory 707, calculates an 

signal of 8 kHz from the MPEG-to-ATM conversion section arrival interval RPATl from the RPCR2 and the RPGRl (it 

508 with each other and outputs a result of the comparison is assumed here that the first PGR and MPCR, that is, PGRl 

to the VCO. and MPCRl, are equal to each other), and stores the RPCR2 

It is to be noted that, while a transport stream packet ^he RPATl into the memory 707. Further, the PGR 

MPEG-TS is sometimes transmitted with a plurality of calculation section 706 calculates a MPCR2 from the 

programs multiplexed therein, in the present embodiment, 30 MPGRl, arrival interval RPATl, synchronization residual 

since the memory 505 stores an ofifoet value OFFSETl and ^^Sl ^^^rival interval EPATl stored in the memory 707, 

a synchronization residual RTS, even if the transport stream stores the MPGR2 into the memory 707 and outputs it 

packet MPEG-TS includes a plurality of programs multi- ^ * modification section 708. 

plexed therein, it can be processed if the oflEset value The PGR modification section 708 replaces an EPGR2 

OFFSETl and the synchronization residual RTS corre- 35 included in the PGR packet with the MPCR2 supplied from 

sponding to each program is stored in the memory 505 and, the PGR calculation section 706 to modify the value of the 

upon use, the oflEset value OFFSETl and the RTS corre- PCR and outputs PGR packet thus modified to an apparatus 

sponding to each of the programs are selectively used. such as a decoder not shown. 

Aconstructionof the reception side communication appa- Subsequently, a transmission method and a calculation 

ratus 700 is shown in FIG. 7. Referring to =FIG.^t7, on the 40 technique for synchronization information necessary to 

reception side communication apparatus 700, Am cells modify a PGR are described in detail with reference to FIG. 

transmitted from a network 100 arc received and inputted to ^- Downwardly directed arrow marks arranged in the upper 

an Am-to-MPEG conversion scction 701. The Am-to- stage indicate positions of PGR packets arriving at the 

MPEG convereion section 701 converts the Am cells into transmission side communication apparatus 500. Upwardly 

a transport stream packet MPEG-TS. Further, the Am-to- 45 directed arrow marks below a straight line in the upper stage 

MPEG conversion section 701 generates a clock signal of 8 indicate clocks synchronized with the network 100. 

kHz synchronized with the network based on the received The lower stage represents the reception side communi- 

Am cells and supplies the clock signal to a PLL 702. It is cation apparatus 700, and downwardly directed arrow marks 

to be noted that the PLL 702 has a construction similar to of broken lines indicate PCR packets arriving at the rccep- 

that of the PLL 506. 50 side communication apparatus 700 after a fixed delay. 

A SYNC_BYTE detection section 703 detects the delay in the network 100 has a fixed value, then 

SYNG_BYTE to synchronize the transport stream packet receptions of PGR packets occur at such intervals as indi- 

MPEG-TS. The transport stream packet MPEG-TS whose ^ated by broken lines. However, the receptions of the PGR 

. synchronism has been established is suppUed to .a. PGR . .. packets are actually influenced by delay fluctuations in the 

packet detection section 704 and a PGR calculation 'secti6n ss network^ and are displaced from the positions of the fixed 

706. The PGR packet detection section 704 detects whether delay as indicated by downwardly directed arrow marks of 

or not the received transport stream packet MPEGTS con- solid lines. The widths of such displacements are indicated 

tains a PGR, that is, whether or not the received transport double-sided arrow marks of broken Unes. Further, 

stream packet MPEG-TS is a PGR packet, and outputs, if the upwardly directed arrow marks in the lower stage indicate 

received transport stream packet MPEG-TS is a PGR packet, 60 ^^^^^ synchronized with the network 100. 

a PGR packet detection signal Dp to a counter 705 and the The variables used in FIG. 8 represent the following 

PGR calculation section 706. The counter 705 outputs, when values: 

it receives a PGR packet detection signal Dp, a count value EPCR: a PCR value inserted by an encoder or a muld- 

RNCOUNT to the PGR calculation section 706. The PGR plexing apparatus 

calculation section 706 calculates, when the PGR packet 65 NPGR: a PGR value obtained by counting with clocks 

detection signal Dp is inputted from the PGR packet detec- synchronized with the network from a certain reference 

tion section 704 and the count value RNGOUNT is inputted point 
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NPCR': a PGR value adjusted to the EPCR for next 
calculation 

RPCR: a PGR value obtained by counting clocks syn- 
chronized with the network from a certain reference 
point on the reception side 

MPCR: a PGR value obtained by modification from the 

EPGR, RPCR and synchronization information 

EPAT: a PGR interval between two successive PCRs on 
the transmission side 

RPAT: a PGR interval between two successive PCRs on 
the reception side 

NGOUNT: a value of a counter which operates with a 
clock signal synchronized with a transmission side 
network clock signal 

RNCOUNT: a value of a coimter which operates with a 
clock signal synchronized with a reception side net- 
work clock signal 

OFFSET: an oflket value between the count value of the 
transmission side and the NPCR 

ROFFSET: an offset vahie between the count value of the 
reception side and the RPCR. 

An EPCRl which arrives first is determined as a reference 
point for synchronization information and is made corre- 
spond to the count value NGOUNT of the network clock 
signal which represents the same time scale as PCRs. In 
other words, such an oflfeet value OFFSETl that satisfies; 

EPCRl-NPCRl-NC0UNTl40FFSEn 

is stored into the memory 707. Further, for calculation upon 
arrival of a next PGR, the NPCRl is stored into the memory 
707. 

With regard to an EPCR2 arriving next, an arrival interval 
EPATl from the EPCRl counted with a clock signal syn- 
chronized with the network and a synchronization residual 
RTSl of this interval from the EPCR2 are calculated. In 
particular, 

lOSUEPCEO-OBPCRl+EPAn) 

The arrival interval EPATl and the synchronization 
residual RTSl are transmitted as information for synchro- 
nization to the reception side communication apparatus 700. 
In this instance, in order to make the value of the NPGR2 
with the value of the EPGR2 the same, the ofiket value from 
the count value of the counter 705 is modified. In particular, 

OFFSET2=OFFSETl+RTSl 

Since the coimting is started at a point of time when the 
EPGR2 arrives, the NPGR2 is updated with this oflket value 
0FFSET2 as given byr . V - ^ 

NPCR2'-NOOUNT2+OFFSET2 

As the values of the NPCR2' and the ofiket value 0FFSET2 
are stored into the memory 707, when a packet which 
includes the next PGR arrives, calculation for synchroniza- 
tion information can be performed similarly; 

NPCR3-NCOUNT3+OFFSET2 

EPAr2=NPCR3-NPCR2' 

Thereafter, calculation shown by expressions similar to 
the expressions given above is repeated. 
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On the other hand, as described above, in the reception 
side communication apparatus 700, if the delay of the 
network 100 is a fixed delay, the interval after which a PGR 
arrives is held by the transmission side, and PCRs arrive at 

5 intervals of downwardly directed arrow marks of broken 
lines. However, the PCRs are influenced by delay fluctua- 
tions on the network 100, they actually arrive as indicated by 
the downwardly directed arrow marks of solid lines. 
Consequently, if it is intended to input the PCRs to the 

10 decoder not shown without modifying them at all, PGR 
jitters become larger than the value specified by the stan- 
dards and have an influence on an image and so forth. If the 
delay is a fixed delay, then the PCRs arrive at intervals of the 
value of the arrival interval EPATl counted by the trans- 

15 mission side communication apparatus 500, and then, a PGR 
value can be set by adding the synchronization residual 
RTSl from the network clock to the interval. Since the 
arrival interval is varied by delay fluctuations, a vahie with 
which an arriving PGR should be modified can be estimated 

20 by proportionally calculating the arrival interval and the 
synchronization residual RTS. 
In particular, 

MPCR2-MPCRl+RPAri+RrSlxRPAn/EPAri 

^ where RPAn=RPGR2-MPGRl 

Also the counter on the reception side synchronized with 
the network can calculate with an ofi&et value in a similar 
manner as on the transmission side. 

30 RPCRl-RNCOUNT+ROFFSETl 

ROFFSm=ROFFSEn+RTSlxRPAn/EPAri 

By modifying the PGR value in this manner, PGR jitters 
can be set to a value within the range of the MPEG 
standards. 

Then, an information amount considered to be necessary 
for the arrival interval PAT and the synchronization residual 
RTS is to be calculated. 
^ Id the case of PGR packets, one packet is present within 
0.1 second based on the standards of the document [3] 
mentioned hereinabove. Accordingly, for the count value, 
1/10 of 27 MHz, that is, 24 bits are sufficient while it is 
divided into a base part and an extension part similarly to a 
PGR. Further, as for a synchronization residual, the dlow- 
able value of the PGR clock is estimated based on the MPEG 
standards, such as; 

27,000,000±810 [Hz] 

Accordingly, since one sample of synchroaizalion data 
5Q (RTS) is present within 0.1 second, the range within which 
the synchronization data RTS can be taken is; 

RTS=±81 [Hz] 
because it is 

810x0.1=81 :rr.,,^.,.^^^^zv7X:y.::-< -■ 

55 In short, if the range of the synchronization data RTS is 
set in the range of -125 to 125, the synchronization data RTS 
can be transferred with 1 byte sufficiently. 

Accordingly, 4 bytes in total including 3 bytes for the 
arrival interval PAT and one byte for the synchronization 
60 residual RTS should be transmitted to the reception side. 
According to the standards, a transport stream packet 
including a PGR may store audio and/or video data or may 
store only an adaptation field including a PGR. Since a 
packet including a PGR is normally most frequently trans- 
65 mitted with a proprietary PID, synchronization information 
may be placed at any arbitrary position from an adaptation 
field including a PGR to the end of the packet. In addition. 
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since the length of information in a packet is designated in 
its header, the synchronization information is stored and 
transmitted following the header. 

On the reception side, when a packet including a PGR is 
detected, synchronization information stored following the 5 
adaptation field is read and used for PCR calculation. 

Further, while, in the embodiment described above, a 
clock signal which can be used commonly in an ATM 
network is used as the clock signal synchronized with the 
network, the clock signal may be any common clock signals 
which are synchronized on the transmission side and the 
reception side. 

For example, a clock signal which is synchronized with a 
clock signal obtained from a global positioning system 
(GPS) may be used. 

According to the present invention, even if delay fluctua- 
tions are generated on a network ..when audio data and/or 
video data are digitized using an ATM communication 
technology or the like, and thus digitized data are encoded 20 
in accordance with, for example, the MPEG system, where- 
after the encoded data are converted into packets to transmit 
via a transport stream of the MPEG system through a 
predetermined network or a like case, jitters of a time stamp 
can be removed by transmitting, from the transmission side, is 
an arrival interval between packets which include a time 
stamp and synchronization residual data from a time stamp 
value of a clock signal synchronized with the network using 
the clock signal synchronized with the network and 
modifying, on the reception side, the time stamp making use 30 
of the information thus transmitted from the transmission 
side. This also makes decoding possible with a reference 
which satisfies a studio quality. Fiirther, also for a stream on 
which a plurality of programs are multiplexed, modification 
calculations of PCRs of the programs can be performed 35 
independently of each other. 

While a preferred embodiment of the present invention 
has been described using specific terms, such description is 
for illustrative piuposes only, and it is to be understood that 
changes and variations may be^niade without departing from 
the spirit or scope of the following claims. 
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What is claimed is: 

1. A communication apparatus comprising: 

a detection means for detecting a packet which includes a 
time stamp; 

a counting means for producing a clock signal synchro- 
nized with a clock signal common with that of the 
reception side and coimting the number of clocks of the 
clodc signal; 

an extraction means for extracting the count value of said 
counting means when a packet in v^^ich a time stamp 
is included arrives; 

a calculation means for determining an arrival interval 
between packets in which a time stamp is included and 
a synchronization residual making use of the count 
value extracted by said extraction means and the time 
stamp; and 

a transmission means for transmitting the packet arrival,.^ 
interval and the synchronization residual obtained as a 
result of said calculation means. 

2. A communication apparatus comprising: 
a reception means for receiving a packet; 

a time stamp means for detecting a packet which detects, 
from among packets received by said reception means, 
those packets which include a time stamp in which 
information regarding a packet arrival interval and a 
synchronization residual is included; 

a detection means for detecting the packet arrival interval 
and the synchronization residual from the time stamp 
obtained as a result of said time stamp means; 

a modification value calculation means for calculating a 
modification value for the time stamp from the packet 
arrival interval and synchronization residual and a 
count value obtained by counting clocks of a clock 
signal synchronized with a clock signal common to that 
of the transmission side; and 

a modification means for modifying the time stamp 
included in said received packets based on said modi- 
fication value. 

***** 
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